In this study, length-weight (LWR), length-length relationships (LLR) and condition factor (K) of male
INTRODUCTION
Tilapias (Pisces: Cichlidae) are among the most widely distributed exotic fishes in the world (Canonico et al., 2005) . Oreochromis mossambicus (Peters, 1852), for example, has established feral populations in every nation in which they have been introduced (De Silva et al., 2004) . The first accidental introduction of tilapia outside Africa was that of O. mossambicus prior to 1939 in Java (Pullin and McConnell, 1982) . Many countries have imported these species because they can live successfully in brackish water (Mirza, 1990) . In Pakistan, it was first introduced in 1951 from Indonesia and Thailand (Froese and Pauly, 2011) . O. mossambicus is also listed by the IUCN among those invasive fishes believed to create the most adverse ecological effects (Lowe et al., 2000) . O. mossambicus has been described by many researchers as a suitable bioassay organism (Seymore, 1994; Barnhoorn, 2001; Salam et al., 2001; Doup´e and Knott, 2010; Naeem et al., 2011a, b) and is used extensively in biological, physiological and behavioural research (Skelton, 1993) .
Morphometry is a field concerned with studying variation and change in the form (size and shape) of organisms (Webster, 2006) . Scientists are interested in understating the pattern of shape, variation within and among sample like life stage, populations, species, etc. as well as forming and testing hypothesis regarding the origin of those patterns in the growth variations (Shearer, 1994) . Morphometrics enables one to describe complex shapes in a rigorous fashion, and permits numerical comparison between different forms (Webster, 2006) . Organs or tissues, body proportions change during the course of growth which results in significant alternations of body form. Such relationships have been termed as allometric (Huxley, 1932) . Like the mass versus length relationship, size of scales or other calcified tissue versus body length plays an important role in determining the age and growth of fishes, therefore, the study of allometric growth has been largely based on the earlier mentioned parameters (LeCren, 1951) . The length-weight relationships (LWRs) and condition factor of a fish species are the two most significant biological parameters that provide information on growth level and fish condition (Okgerman, 2005) and give insight into the health of a fish and its community (Richter, 2007) . Length-weight relationships of fish have a number of practical applications in fishery research (Luff and Bailey, 2000; Zakaria et al., 2000) . In addition, the condition factor is regularly calculated to assess the overall health, productivity and physiology of a fish population (Blackwell et al., 2000; Richter, 2007) . It also reflects physiological characteristics of the fish such as body morphology, lipid content and growth rate (Bister et al., 2000; Froese, 2006; Stevenson and Woods, 2006; Rypel and Richter, 2008) . Length-length relationships (LLRs) are also important in fisheries management for comparative growth studies (Moutopoulos and Stergiou, 2002) .
The present work was done to analyze different external morphometric variables in relation to body size and condition factor in male O. mossambicus. The aim of this study was to provide basic data on external morphology and analyze growth variability of the characters studied.
MATERIALS AND METHODS
41 samples of male O. mossambicus were sampled (ranging from 13.2 to 18.1 cm in length and 44.00 to 111.59 g in body weight) from Nursery Unit Dera Ghazi Khan, Pakistan with the help of a drag net. The collected samples were transferred alive to the laboratory for further analyses. The samples were killed with a blow on the head and dried with a paper towel. These were then weighed on an electronic digital balance (Chyo, MP-3000, Japan) to the nearest 0.01 g. Body length measurements were made by using wooden measuring tray and vernier calipers to the nearest 0.01 cm. Total length (TL) was taken from the tip of snout to the tip of tail. The standard length (SL) was taken as the length from terminal mouth to the hidden base of the caudal fin. Similarly, head length (HL) was measured as the distance from the most anterior part of snout to the posterior edge of opercular bones. Length and base values of the fins, that is, pectoral fin (PtF), pelvic fin (PvF), dorsal fin (DF), anal fin (AF) and caudal fin (CF) were also measured. A log-log plot of data was done for all species, outliners were identified and removed (Froese, 2006) , and redoing of regressions were made.
The statistical relationship between total length (TL) and total body weight (W) of the fish was derived using the formula: log W = log a + b log TL Where, W is the weight of fish (g); a is the intercept (constant); TL is the total length of fish (cm) and b is the regression coefficient (slope).
Moreover, length-length relationships of different body parts were also calculated by linear regression. Condition factor was calculated with the following formula:
RESULTS
The results of the measurements of body parts, ranges and indexes of the male O. mossambicus were indicated The result for logarithmic relationship between total length (TL) and body weight (W) is described for male O. mossambicus in Table 2 . Regressions were highly significant (r = 0.958; P < 0.001) with coefficients of determination, r 2 = 0.918 (Table 2 ). Morphometric characters, that is, standard length (SL), head length (HL), head width (HW), pectoral fin length (PtFL), pelvic fin length (PvFL), anal fin base (AFB) and caudal fin length (CFL) indicated high significance, while dorsal fin length (DFL) indicated least significance correlation with increasing size (total length and body weight). Body girth (BG) was found to be highly significant with body weight and significant with total length. Dorsal fin base (DFB) was to be found least significant with total length and non-significant with body weight. Pectoral fin base (PtFB), pelvic fin base (PvFB), anal fin length (AFL) and caudal fin width (CFW) were found to be insignificant with increasing size (Tables 2  and 3) .
Condition factor (K) remained constant with total length and body weight (Tables 2 and 3) .
DISCUSSION
In the present study, the estimates of parameter b were found to be 2.93 (95% CI of b 2.65 to 3.21), within the range for fish which was suggested by Carlander (1969) and presented for 1773 marine and freshwater species by Froese (2006) , thus, the result can be considered to be an adequate estimation of the length-weight relationships. According to Ricker (1963) , if the specific gravity and form of fish remain unchanged during its life time, the value of the regression coefficient 'b' would be exactly 3.0, in the relation W = aL b (Begenal and Tesche, 1978; Wootton, 1990 ). According to their study, growth in many cases tends to be isometric, since b = 3.0 for isometric growth. Regression slope showed isometric growth (close to 3), indicating that the small specimens have the same form and probably same condition as large specimens (Froese, 2006; Percin and Akyol, 2009) .
The value of slope (b) of O. mossambicus is compared with those reported by other investigators for other fish species. The results of LWR are in general agreement with that of Arslan et al. (2004) in Salmo trutta and Naeem et al. (2011b) in female O. mossambicus. Furthermore, to compare our estimates, the log a vs b graph (Froese, 2006) in FishBase (Froese and Pauly, Correlation coefficient (r), coefficient of determination (r 2 ), intercept (a), regression coefficient (b), Cl: confidence intervals, standard error (S.E.), *** P < 0.001, * P < 0.05, n.s P > 0.05.
2011) was applied and found to be close to those existing for O. mossambicus. However, slope value is quite different from the other closely related species of this genus, O. niloticus, (b = 2.72) as purported by Naeem et al. (2010a) and from other species reported by Yousaf et al. (2009 ), Naeem et al. (2010b , 2011a . The variation may be due to the fact that length-weight relationship in fish is affected by a number of factors including biological and environmental condition, geographical, temporal and sampling factor (Begenal and Tesch, 1978; Froese, 2006) .
Isometric growth was observed in SL, HL, DFB and PvFL with increasing total length (b = 1) and in HL, DFL, PtFB and PvFL with body weight (b = 0.33) of the fish. This indicated a proportional growth in these morphometric characters with an increase in total length or body weight. While other studied morphometric characters showed allometric growth with increasing body size of the fish and hence no common trend was found in morphometric characters.
Similar to the present study, Naeem et al. (2010b) have also found condition factor to remain constant with increasing length or weight in farmed hybrid (Catla catla ♂ x Labeo rohita ♀). Whereas, Naeem et al. (2011d) using hatchery reared Tor putitora found the condition factor to decrease with an increase in length and no influence with the increase in weight. When the value of b = 3.0, then the K would remain constant without any change. If, however, the weight increases more rapidly than the cube length, the condition factor would increase with increase in length. And when weight increase is less than the cube of length then, K would tend to decrease with the growth of fish (Carlander et al., 1952) .
The results present contribute to the knowledge on the length-weight and other morphometric relationships of male O. mossambicus and will be useful to the fisheries biologist, aquaculturists and other researchers. However, further studies are recommended with a larger sample size from the same and different habitats to validate these results.
